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Abstract 
The project “Developing a CCS communication framework for Japan” aims to test a prototype Knowledge 
Management System (KMS) on a pilot scale, with a view to more broadly utilizing the methodology in an 
international context. For this purpose, an on-line community was formed, involving CCS experts (10 to 15) from 
major Japanese CCS-related organizations. The Global CCS Institute provided its digital platform to facilitate 
communication between members of the community.  
One of the toolkits, an “argumentation model”, is developed to support structured and effective knowledge sharing. 
Arguments, evidence and criticisms that were identified through on-line discussion were structured in a hierarchy to 
form an argumentation model that overviews the justification for the claim that CCS is an effective measure to 
mitigate global warming in general and its effects on Japan in particular. The argumentation model provides a useful 
overview of arguments relating to CCS with explanation of background knowledge, supported by linked evidence 
and quantitative data.  
In addition, through the series of online discussions conducted during this project, a number of lessons have been 
learned in terms of encouraging active participation of knowledge sharing network members. 
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1. Introduction 
Knowledge sharing is a critical need for the carbon capture and storage (CCS) community and is an 
area in which the Global CCS Institute is playing a central role. Although the Global CCS Institute is 
implementing a community-centric knowledge-sharing program through both digital and face-to-face 
channels, it is also willing to explore how additional knowledge management methodologies and tools 
may be used to support structured and effective knowledge sharing networks – particularly where the 
internationalization of knowledge can be strengthened. 
To facilitate this process, an argumentation modelling approach has been developed. This model is 
based on the “argumentation methods”, developed by Walton [1], originally applied in the area of legal 
argumentation. Using this method is shown to make it much easier to maintain and control knowledge, 
since it functions as a bridge linking arguments and counter-arguments with supporting documents and 
data, while also acting as an effective interface between stakeholders to facilitate interactive 
communication [2]. 
In Japan, such argumentation models have been already applied to knowledge management in 
radioactive waste disposal [3] and confidence building in CCS[4]. In this paper, a project in which an 
argumentation model is applied more widely to knowledge management in CCS is described and its 
potential future application discussed. 
2. The Japanese knowledge-sharing (KS) network 
An on-line community was formed as a Japanese knowledge sharing test-bed. This involved key staff 
(10 to 15) from major CCS-related organizations in Japan. The Global CCS Institute provided its digital 
platform to enable members of the community to communicate in Japanese. To enhance and focus 
discussion on the platform, a facilitator was assigned. Face-to-face meetings were also held to maximize 
communication among the members, forming a complement to continuous on-line collaboration. 
Central themes of the community are to explore the following through communication and 
collaboration among the network members: 
 
How the Global CCS Institute can collaborate to synthesize expert knowledge (explicit and tacit) 
relating to issues identified to be critical to stakeholder acceptance, which is distributed between a 
variety of disciplines/research areas, into a coherent and consistent knowledge base.  
How the Global CCS Institute can distill the essence of such a knowledge base and present it in a 
simpler, user-friendly form that can be understood by stakeholders with different levels of 
scientific/technical literacy.  
3. Setting discussion themes 
Face-to-face meetings were held to allow project objectives to be scoped and priorities established. 
During the meetings, the following themes were highlighted as potential areas for knowledge-sharing 
among members of the Japanese KS network: 
 
Quality management and industry standards, 
Comparison of CCS with other countermeasures against global warming, e.g., nuclear energy, 
Communication of risks, e.g., oil or gas leakage, 
Impact of earthquake/seismicity to CCS and the potential of injected CO2 to induce seismicity, 
Standardization of regulations and models. 
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It was notable that some members of the network expressed concern on revealing their know-how 
without knowing precisely how it is going to be treated, e.g., disclosure to potential competitors, IP 
problems, misuse of information beyond its remit. This was an important concern to address and hence it 
was agreed to start the KS network with the topic “Promotion of understanding of CCS for non-experts” 
as a “safer” option in which there was no foreseeable conflict of interests among the members or critical 
IP problems, but where members clearly benefit by sharing experience and know-how on disseminating 
knowledge on issues relating to acceptance of CCS by non-experts. 
4. Prerequisites and practical approach for active knowledge sharing 
The concerns noted above led to a consensus that there has to be recognition of a net benefit in 
participating to the KS scheme, taking its pros and cons into account, in order to encourage hesitant 
members. We assessed the situation from the standpoint of game theory to analyze the problem and 
formulate possible solutions. The main outcome of the analysis can be summarised as follows; 
From the standpoint of game theory, if the potential obstacles to knowledge sharing among 
organizations (including potential competitors) are considered to be similar to the “prisoner's 
dilemma”, the best strategy for any individual participant is to be non-cooperative (KS passive). 
As a measure to remedy the above situation, increasing the reward for successful knowledge 
sharing is not effective. 
Irrespective of whether knowledge sharing was successful or not, when a disclosing organization 
gains value by disclosing knowledge (such as compensation or recognition), so that the resulting 
benefits exceed any potential loss of competitive advantage, the best strategy is to actively 
participate in knowledge sharing (KS active). 
Measures identified as "Minimizing loss caused by only one organization disclosing their 
knowledge" and "Prohibition of the unilateral use of the knowledge of other organizations" can 
create a situation where participation in knowledge-sharing is, at least, not an unfavorable strategy 
(KS neutral). Members benefit by trusting each other’s commitment to KS, which is encouraged by 
introducing specific mechanisms, e.g. good facilitation and consensus building, which encourage 
such commitment. 
 
Because of the simplifications and assumptions in the analysis described above, it is not recommended 
to regard its outcome as it stands as the basis of knowledge sharing without further thought and careful 
verification. However, it seems reasonable to spend some time designing a KS framework that can create 
a KS neutral, or even a KS active, situation. We adopted the option of "Minimizing loss caused by only 
one organization disclosing their knowledge", by selecting a theme where no significant conflict of 
interest is expected. In this case, as suggested, it is vital to design a mechanism by which members can 
believe that others will actively participate in a KS neutral situation. There is a greater chance for these 
mechanisms to be acceptable and, thus, functional in a KS neutral situation than in a KS passive situation. 
A practical approach to convincing members of active participation of the whole community in a KS 
neutral situation is to define goals and related actions of the community based on consensus. There are a 
number of studies on “consensus building”, e.g. Susskind, McKearnan and Thomas-Larmer (1999) [5], 
and it seems appropriate to apply them to the Japanese KS test bed for the following reasons; 
 
Lessons gained in this exercise should be transferrable to other KS activities that will be carried out 
by the Global CCS Institute members in the future (indeed the difficulty of encouraging nations to 
adopt CO2 reduction targets is often seen as a classic example of the “prisoner's dilemma” 
(http://en.wikipedia.org/wiki/Prisoner's_dilemma), 
The methods for defining actions based on consensus are relatively new and they may provide 
opportunities of improving KS elsewhere on the Global CCS Institute digital platform. 
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5. Work plan for the Japanese KS network 
Initially, the KS work programme was structures to proceed in two stages.  
Stage 1: Development of the action plan 
Through the following four steps, the action plan and goals are set, so that all members can be 
convinced to work in Stage 2. 
Step 1-1 (via exchange of e-mails):  
Each individual’s perception of the problem and thoughts on the topic of promotion of understanding of 
CCS by non-experts is solicited and integrated by the facilitator.  Here, without reference to actual facts 
and data, each member will document their own understanding of the problem (capturing tacit 
knowledge). 
Step 1-2 (on-line discussion through the Global CCS Institute platform):  
Facilitator uploads all input from the members and, based on analysis and interpretation of the similarities 
and differences in opinion, a synthesized “concept” on how we should approach the goal of promotion of 
understanding is proposed. All members then discuss this proposal as a starting point, and this is 
iteratively revised until a consensus is reached (while allowing recognition of different viewpoints). 
Step 1-3 (on-line discussion through the Global CCS Institute platform):  
Based on the agreed concept, discussion focuses on comparison between the approach that the members 
recommend (outcome from the previous step) and actions that have actually been carried out in the past. 
This leads to identification of possible improvements in the individual steps described in the concept. 
Step 1-4 (on-line discussion through the Global CCS Institute platform):  
A draft action plan is proposed by the facilitator, based on the results of the previous steps. Through 
discussion among the members, this draft action plan is improved and priorities defined. 
 
Stage 2: Implementation of actions based on the plan 
The activities at this stage depend on the outcome of Stage 1, so these were not planned in detail at the 
time of initiation of the project.  
6. Toolkits developed through the discussion  
Some actions in the draft action plan are implemented using toolkits developed in Stage 2. 
6.1. Development of a portal to support activities for increasing non-experts’ understanding of CCS 
Objective of the development is to provide a “toolkit” for Global CCS Institute members in Japan who, 
from time to time, are asked to explain what CCS is, why it is needed, how mature the relevant 
technologies are, where we can find potential sites for geological storage in Japan, what are the expected 
environmental and economical impacts, its competitiveness against alternative measures for mitigating 
global warming, etc. At the moment, relevant information is distributed between the homepages of a 
number of organizations, but none of the members of the Japanese network has access to all the necessary 
information in a suitable, internally compatible format. Hence there is a danger that members waste time 
finding information that others have found already, explanations by the members may be inconsistent or 
contradictory due to insufficient and heterogeneous presentation of the information or that failures in the 
past are forgotten and then repeated. 
The “toolkit” was designed as a portal to provide the following: 
Concept for the approach to increasing non-experts’ understanding of CCS (Figure 1) with 
description of what should be done (and how) in each process, 
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Materials that are potentially useful for explanation, hyperlinked to each process in the “concept”
(sources of information, current status, cases of similar attempts in the past, etc.).
Figure 1. Screen shot taken from the portal to support activities for increasing understanding of CCS
All the information provided by the members during online discussions is structured according to the 
concept illustrated in Figure 2, together with hyperlinked contents and links to the external web sites.
Figure 2. Example of information linked to a process in Figure 1.
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6.2. Construction of an argumentation model supporting the claim that CCS is an effective measure to 
mitigate global warming impacts on Japan 
CCS is a typical multidisciplinary subject consisting of a number of technologies supported by a very 
diverse range of scientific research. In addition, decisions relating to its implementation require 
understanding of variety of arguments in many non-technical fields. This can be seen clearly in the 
“argument map” produced in the CatO2 project [6]. 
Within this action we constructed a structured set of arguments justifying CCS as an effective measure 
to mitigate global warming and its impacts on Japan, linked to a variety of supporting evidence. 
Questions, open issues and typical criticisms are accommodated in this package, so that it can be seen to 
provide a balanced basis for decisions made by non-expert stakeholders. 
Arguments, evidence and criticisms that were identified through on-line discussion were structured to 
form an argumentation model that overviews the justification for the CCS claim. The argumentation 
model is constructed by using commercial software (MindMap produced by MindJet), which allows users 
to link information in a variety of file types and also link to external web sites. The full argumentation 
model is too extensive to be shown here, but can be examined by KS participants on a website that will be 
opened to a wider range of stakeholders in the future. 
An interactive version of the argumentation model was also developed as a nested set of HTML 
documents, with hyperlinks. All the contents, except external links, have been translated to English. 
Starting from the claim summarized as “CCS is an effective measure to mitigate global warming in 
Japan”, users can select any question from the list and follow the chain of arguments that answer it. They 
can follow explanations or external links to a level of detail that depends on their specific interests and 
technical background. Proceeding in this manner, users can explore the components of the argumentation 
model that correspond to their own questions on the justification of CCS for Japan. 
An example screenshot taken from this interactive version is shown in Figure 3. 
 
 
 
Figure 3. Screenshot taken from the interactive version of argumentation model 
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7. Potential future use of the toolkits 
(1)Enhancement of knowledge outside specific fields of expertise 
Since CCS is such a multidisciplinary subject, it is recognized by the KS participants that coverage of 
the entire topic by any individual is difficult. Although they are aware that existing documents contain 
most of the relevant information, e.g. the IPCC Special Report, it is not an easy task for them to find and 
extract information blocks required for their specific applications. This is particularly true in the case that 
the area of interest does not belong to their own field of technical expertise. In this context, the 
argumentation model provides efficient and systematic access to key information and links to a 
supporting knowledge base focused on issues relevant to implementation of CCS in Japan. 
 
(2)Communication across boundaries between disciplines 
It has proven to be difficult in the past to develop consistent views of problems on which a number of 
experts from different disciplines are working together. Here working together to construct or modify the 
argumentation model can help resolve this situation by facilitating development of consensus on the 
relationships between key issues that overlap a variety of different research/business areas in a clear and 
structured representation. 
 
(3)Education and training 
Some of the network participants have chairs at universities and they stressed the value of using the 
argumentation model in their lectures, so that students can understand the big picture and access relevant 
supporting information in a structured and user-friendly manner. Furthermore, this approach would 
provide opportunities for project work by the students, involving them attempting to 
expand/restructure/modify the model according to their own understanding of the key issues associated 
with global warming and the associated implementation of CCS. 
 
(4)Planning and designing communications with non-experts 
The toolkit now contains suggestions for CCS communication procedures with non-experts which 
have: 
clearly defined goals 
suggestions of how communication can be implemented in a stepwise manner  
a case-base of past communication efforts, related to each step towards establishment of dialogue. 
This supports planning of future communications activities by the participants and encourages 
collaboration and sharing of resources. In addition, the argumentation model provides key messages that 
are to be communicated in a form that is readily incorporated into stakeholder dialogue. 
8. Lessons learned from the Japanese knowledge sharing test bed and suggestions to the Global 
CCS Institute 
Through the series of exercises conducted by members of the Japanese KS network, a number of 
lessons have been learned. Some of these may be specific to the subjects that we chose or closely linked 
with the cultural issues. However there are some observations that should be transferrable to other KS 
activities carried out by the Global CCS Institute members  
 
(1)Recognition of clear benefits 
There was a consensus that there has to be a clear net benefit in participating in the KS scheme, taking 
pros and cons into account, in order to encourage hesitant members. In this respect, it is crucially 
important to choose a theme for which all members can see clear benefits. In our case, after group 
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discussion, it was agreed to start the KS network with “Promotion of understanding of CCS for non-
experts”, where members could see clear benefits in sharing experience and know-how.   
 
(2)Avoidance of conflicts of interest 
Some members expressed concern about revealing knowledge and experience without knowing 
precisely how it would be treated, i.e. disclosure to potential competitors who happen also to be Global 
CCS Institute member organizations, IP problems, misuse of information beyond its remit. In this respect, 
it is often useful to choose a “safe” topic in which there are no foreseeable conflicts of interest among the 
members or critical IP problems. 
 
(3)Commitment of members based on consensus 
Much effort is required before knowledge gathered through collaboration reaches a “critical mass” and 
becomes useful to the community. It is important that such efforts are shared among the members in a 
reasonable and fair manner. From this perspective, it is vital to design a mechanism by which members 
can see that others actively participate. In our case, a transparent procedure of consensus building based 
on the soft systems methodology (SSM)[7] played such a role.The SSM is an approach that seeks to 
accommodate the different views of stakeholder while taking into account conflicts among them. 
 
(4)Accommodation of different views 
If there are different views among the members, effort should be made to accommodate all such views 
in the action plan, so that all members remain motivated for active participation. This, we believe, is a 
vital prerequisite of community-based knowledge sharing. Therefore, in setting the goals and required 
activities, discussion should be as flexible as possible, taking an iterative approach to develop consensus. 
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